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(54) POSmVE ELECTRODE ACTIVE MATERIAL FOR UTHIUM SECONDARY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive 
electrode active material for a lithium secondary battery 
that has a high capacity. 

SOLUTION: The positive electrode active material for a 
lithium secondary battery contains in its positive 
electrode active material a lithiated (lithium oxide) 
insertion compound and an additive compound such as 
MMn2-xNix04 (wherein. M is Li or Na, and x is 0.1-0,9). 
The additive compound has a change voltage of 4.0-4.6 
V when 5-50% of the total quantity of the insertion 
element out of the insertion element-contained oxides is 
separated at the time of charging. It is desirable that the 
mixed ratio of the lithium oxide insertion compound and 
the additive compound is 99.99-70 wt.%: 0.01-30 wL%. 
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U^X-r-5r-; KJfA{b^i»^9 9. 9 9 - 7 0 SS 
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0. 5 04^2jpailfia%^ig-&L^Co ±IBLiMn 
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n;^LiMni. sNio. 5 O4 2 0 fiM% ^jg^ L 

[0 0 34] L i OH, Mn02. RUN 

i02^, 1:1. 7:0. 3 ^)l]tXi^—{zm^L 

1. 7Nio. sO^WitaMl OM&Xt. ^mmM^ 

ntzi. i c o02ib^i^9 ommx^mmi^xmm^m 
mvfzch^m^^xit, mmmitmm\znmvtc. 

[0 0 3 5] mM^\7) L i OH, Mn02, RZJ^N 
i02^. 1:1. 2:0. 8 ^r^PitTl^— (Cjg^L 

T, z,n^8 0 ox:xmmmLxmyt^nrch lun 
1. 2Nio. 8 04 ssp^ji osa%i. ^mmm^ 



tifcL i co02>ffc;^#i9 omm%^mmhxmm.^m 
y^iytzzt^m^^x\t. mmmi Lmmzmmi^fzo 
[0 0 3 6] (mmms) mmmm^ntcL i C002 
it^!^9 9mm%t. mmm I (Dmm&xmmm^ 9 0 

Ot:T^liLTS|jg$nfcL i Mn 1 . sNio. sO 
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12 

4 imm%^U'^Lxmmt:mmvrzz.t^m^x\ttfi 
tmmmi tmmizmmvrzo 
[0 0 3 7] (mmm9) mmmm^nrzi. i C002 

ntzL i Mn 1 . 5 N i 0. s O4 1 OSa%^ig^L 

xmm^mmi.rzzt^m^^x\t, Mmmitmm\zm 

[0 0 3 8] (^mmi 0) ^mWtm^tirzL i coo 
2 lEmis^m 9 9 mm% nmm i osiik&xBMm 

€:7 0 0*CT*SSl.T»jg$nfcL i Mn 1. sNi 

0. 5O4 immx^M'^vxm^^&mLrzz.t^im 
\^^x\t, ^mm 1 tmm\znmi.rzo 
[0 0 3 9] (njg^ji 1) mmmm^ntzL i coo 

2iEmm^n9 omm%t, LiMm. sNio. 5 

04 I omm%^i^'^vxmm^mmi^rzct^m^x 

[0 0 4 0] (^mmi2) i^mi^m^nmmm9 8- 
4 2 9 5 6^{£^wz$^WL^nrz:^^^mo. l i Mn2 o 

20 T, ^n^3 0 ox:xmiJ^m\^xmM^nrz'L \un2 
o 4 {b^ife 9 9 mm% h . 1 <DWi^^xmt9BM^ 

8 0 0t:T^S6lxTKj§$nfcL i Mn 1 . 5 N i 
0. 5O4 lJI«%^^^LTIiite^Si5SL;^cC:<i:^^ 

[0 0 4 1] mmmi 3) s^jas^ni^L i Mn2 

04{b'&#l9 0a«%i:, llifS«»Jl 2C!)@*lcffiTSSjg$ 
n/tL iMni. sNio. 5O4I Otta^^/g-g-b 

it? [0 0 4 2] (5ISS««J 1 4 ) :fcSIS;@it$ff milH 9 8 - 

4 2 9 5 6^iiffijcia«$nfc:*ffiao, l i n i 

0. 9C00. iSro. 0 0 2 O2 JK^^^A I -f 

o:!}^:^^vK^§?STn— 7^>r >yL'T, c:n€:5 0 0t:T 

.^ffl31L.TSit$n;^cL i N i 0. 9 Coo. iSr 

0. 0 0 2 02^b'&i^9 9fia%<i:. ^mmKD^^^ 
Xm9m^B 0 Ot^T^SfiLTSJiS^nfeL l Mn 

1, sNio. 5 O4 lag^^^^-g-UTSite^gaitU 

[0 0 4 3] immmi 5) S®Sas$n/c:L i N i 
40 0.9C00. iSro. 0 0 2 O2 {b-n-^K; 9 Ofia% 

ii. ^jfi«»ji<^@t^^iTfiajaa^8 0 ot:T^jgL'Xii 

jg^n/cLiMni. sNio. sO4l0aa%^?g 

'^x^xmfk^m&x^fzz.h^m^xn, ^v&miAizn 
mzmmx^tz. 

[0 0 4 4] (^jg«aji6) ±nmm^n^mm9 8'- 

4 2 9 5 6^ii$gfClEm$n;^c:5ffi3lO, L i N i 
0. esMno, 2C00. iMgo. oiAl 
0. 0 1 02*»7|5$rA 1< vyp;p=^^>'^:^^^-cn~5=• 
^>^l-T, cn€:5 0 Ot:TiaiJ!lSLTSig$nfeL 
50 iNio. esMno. 2C00. iMgo. oiAl 
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J3 

[0 0 4 5] immmi d ^m^fm^ntci. x n i 

0. esMno. 2C00. iMgo. oiAlo. 

0 1 02{k^i»9 oaa%«h, ^mm\(r>®^mxm^ 

31^8 0 orir^igbTMig^n/^cL i Mm. sNi 

0. 5O4 1 0««%Srjg^LTa«&$rigjSb;tCi:^ 

[0 04 6] ilt^m 1 ) iESffiifeg <h UT, :fe®Sffl 
#ffUi^m9 8 -4 2 9 5 6^i:^^CD:*^tCci:D, Li 
Co02«&*^A 1 y:/P^4^'>KlKTSSigl31LT 
6 0 Ot:T,^2l31Lfel9*^fieffib, #SfSi^««hLT 

X, 9 0 OmAh^SCO^J^mja^fiigbfeo CK^^, 

mm^&h\^x\t, lu l \PF6^^mm^nrcx.^u 
h, lkUy)V:tU^>^ym'^^W. (3:5: 

1 : l*«lt) ^mmx^T:!. 

[0 0 4 7] Kii$ti:rcli?fe^{bj5gUfcm, 0. 2C^ 

^. 0. 5 CiSrmJCJ:oT^^^»^S!l^L, 1J--riJ7;p 

[0 0 4 8] CltfeC?[l2) S®^31$n/cL i C0O2 
^b^i|^9 9S»%<i:. *«:ffiTSjg$n;/^cL i Mn 

1. sNio. s 04>fb^ifel««%^^^L.T^*^ 

[0 0 4 9] ^^tfeT-SB^nfcL i Mn 1 . 5 N i 
0. sOAiftmt., Mn SO4 <i:N i SO4 ^TKtcS 
«bTMn-N i -f ::t>;:^^*3 : 1 Oit^T'^^n^cTKig 
fS^SiSlx;/ho C(0^K^fKtCNH4 (OH) 2 ^^JjUb 
TMn^N i -r:t>^^^«:K$i^TMno. rsNi 

0. 2 5 (OH) 2^mm\.rcmi. ±^^izm^Li.i 
oHiSr^^L^c^, 4 5 ox:x»Mmvxmmvrco 
[0 0 5 0] (itmMs) ^mmm^nrzh i C002 

1. sNio. 5 04 {k^fesms^^^-B-Lxmite^ 
[0 0 5 1] atmm4) mmmm^nrcii. i C0O2 

1. sNio. 5 O4 {b^i|b5aS%^il'&LTIi?fe$: 

[0 0 5 2] (jtK0ii5) mmmm^ntci^ i C002 

{t:^i»9 OS«%(h, ^^aj^^T^iS^n^cL i Mn 

1. sNio. sOAit-^i^i ommx^m-^i^xmrn 
[0 0 5 3] (jtKfiai6) mmmm^tirzL i C002 
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1. sNio. sOAit-^^i 5mm%^M'^\^xmm 

[0 0 5 4] (itfgtm?) ^mmm^tifzL \ C002 
it-^ms ommxL, ^tt^rnxmy^^nrzh i Mn 
1. sNio. 5 04it'^^2 omm%^m'^vxmm 
^mJtLrzzi^l^m\^^x\x lt^m2^lJ^mizmml. 

fz. 

[0 0 5 5] (lt«fi»|8) SafflS^n^cL i Mn2 O 
1. sNio. 5 04fl:^iKjlSS%^jg^UT«?6^ 

mmvrzz,^z^m^^x\t, itnm 1 Lmm^znmi^rzo 

mSll9 8-4 2 9 5 6^^^lrfB«^n;^cIgtCcl: 
0, L i Mn2 O4 1 < y:/P/Jv^vK!S®fi£~rn 
-5^>f>^bT, Cin€r3 0 0'C-e|gi«llibXMj§L 
fz. 

[0 0 5 6] (lt«fi?iI9) *®fflS$n;tL i Mn2 O 

4{b^i^9 OSM%<h, ^tt&XMi^^n/cL i Mn 

20 1. sNio. 5 04{b^i&i oaa%$:jg^bT^?a 
^mmi^rzz.L^m^x\t, )t^m8hmm\zmmv 

Tz. 

[0 0 5 7] at^mi 0) mmmm^nrzi. i n i 

0. 9C00. iSro. 002O2 ita^ 9 9 MM% 
t, ^ttrnxmrn-^tlfzh iUni, sNio. 5O4 

it^^imm%^m^L'Xmm^mmvrc^t^m^x 
\t, Jt^mi iimm\zmm\^fz. mmmmi^tirzL in 

io. 9C00. iSro. 0 0 2 O2{b^#jH, 
SH4*Wil^ll9 8-4 2 9 5 6 ^^/^m^zMEm^ ntzJi 

30 StCcfcoT. LiNio. 9C00. iSro. 002 

02 ^A 1 ^'J':fuy^=itiy\^mmmx:2-^^ 

X, cn^5 0 o'cxmmmLxmmi^tz. 
[0 0 5 8] (jtfe^ji 1) ^mmm-^nrzi^ i n i 

0. 9C00. iSro. 002O2 it^iSO 9 0 MM% 
<2=, ^aftX»3t$n;^cL i Mm . sNio. 5O4 

fb^i^i omm%^U'^vxmm^m:mi^rzz.L^m^ 
x\t, it^m 1 0 tmrnzmrnvTz. 
[0 0 5 9] (itmmi 2) ^mmm^nrzi. i n i 

0. esMno. 2C00. iMgo. oiAlo, 

40 0 1 0 2Yt:^^9 9mm%t, ^ttmxmm^ tiTzL i 

Mm. sNio. 5 04<b'&ifelM»%^S'&bTm 

m^mmvrz:i^i^m\f^x\t, itmm i o tmmizmm 
[0 0 6 0] (it^mi 3) ^mmm^nrzi. i n i 

0. esMno. 2C00. iMgo. oiAlo. 

0 1 0 2{t;^iB&9 ofia%t. ^ttrnxMik^ ntzL \ 

Mni. sNio. 5 OAit-^^l OMMX^f^-^LX 

mm^&mi.rzizii^^.{,^x\t, it^mioh^m\zm 
50 [0 0 6 1] ^mmi t.Mmm4.(o-)jmxwt'^ntzn 
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9 5 0mAh. 9 3 0 mAh-V^-otcf)^. II^^S 
ti9 9 9mAh. 9 9 6 mA h T. 5 0 mA hB:0^*?J 

7 Om Ah (D^mmm^h^fz. 

[0 0 6 2] #%<i:UT. mmm(D&it:^mz^^^& 

LiMni. sNio. s 04 (B) i:, itK«^ 2 
itftTSiiU^^cL i Mn 1 . sNio. 5O4 (A) <D 

rz^o\Z, SVti^-Vmi&^nrzL iUni . sNIo 

1 . 5 N i 0 . 5 O4 ti. ^OSi£»T§«±#;&nt i: 
^tYj:;&^^fco *^Jge^JT^5efflb;^c*a:aL iMn 
I. sNio. 5 04Ji, Mno, TsNi 

0. 2 5 (OH) 2 ffi^cD^ai^^l^ (co-preclpitatio 
n) ^SSiiLfcm, CtltCL i OH^jg^UTl^-lCjg 

[0 0 6 3] ^iJD^m^tCct^^&m4$14^{b^ 
f^^fzlsblZ, #«;^fflfifc(DL i Mnz-xN i x04S 
t/L i C0O2 (^^SJta4#14^PJ^bT, ^c^^m^0 
2tc:^b^c« ^2-e. a«L i Mn 1 . 7 N i 0. 3 O 
4 6) , bf^LiMni. 2Nio. sO 

4 (^JSt?y 7) . cliLiMni. sNio. 5O 
4 (IIS6««I1) . dtlL i CoO2C05telSm#tt^^ 
f o m2f)^^^f)^^<^v\Z, LiMn2-xNix04 
L i C0O2 <l:J*S*JcS;^^^iftaiNFtt$r^L.T 
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l^^o ^tz, LiMn2-xNix04 mmt'^mo)^ 
T'b, Mn (hN i <D^fi£lt IC J: oT^LToS?^i:^^& 
€r C iJ^ ^ • 
[0 0 6 4] S3ti, *^^O^SS«?Ul chitK^JlJCct 

0, 04«, mmm4titmms\z^r>Tm7t^nrzM 
mmm(Dmm^m^7^Lrz^yyx$>^. msRum4 

9 9 6 m A h (D^m^^-r<Dizn tt^M 2 \tm 

JO 9 0 0 m A h , it^M 5 9 10 m A h (D^a^r^-T 

<0T, mmwiRzf4^^, it&miRU5^D4m\zm 

[0 0 6 5] 

[^1] 2|s:^M<7)@4*ftTSljgbfcL iMni. sNi 

0. 5O4 (B) fiE^o^taaTSJig^nfeL i M 

ni. sNio. 5O4 (A) (D^WLm^^^^Vtz^ 

20 '^yx$>^o 

im2] *^^(D@4*&-eSigSn^cL i Mn 1. 7N 
io. 3O4 (a) , LiMni. 2Nio. sO 
4 (b), LiMni. 5Nio.504 (c). IkZS 

LiCo02 (d) (D^tScm^it^mi.rz^'^yxi) 

[^3] ^^^(Dmmmi^, it&m2<D:^mxmm^ 
nrzfkmm^^(Dmi$^m^7skLrz^^yx^^o 

im4] :^mm<Dmmm4h, iti&ms<D:fjmxmm^ 
txtzMmmmomm^m^^Lrz^'^yx'S^^o 




«i4^S(mAh/8) 
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1000 



(mAh) 



(72) # m\ 

y > T h 208 - 1 202^ 

[72) mmm ^ 



4G048 AA04 AB04 AB06 AC06 AD06 
AE05 

5H029 AJ03 AK03 AK19 AL07 AM02 
AM04 AMOS AM07 EJ04 EJ12 
HJ01 HJ02 HJ18 

5H050 AA08 6A17 CA08 CA09 CB08 
EA08 EA24 HA01 HA02 HA18 
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